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ABSTRACT
In February 1945 a conference of furnace blower manufacturers was
held at the University of Illinois. Among the topics for discussion was
the method for rating of furnace blowers. It was found that the manu-
facturers tested and rated their blowers by either the Plate I or the
Plate V arrangement of the National Association of Fan Manufac-
turers, but that neither of these arrangements gave a direct perform-
ance rating for a blower used in conjunction with a furnace.
In July 1946 a test program was begun under the cooperative
agreement between the University of Illinois Engineering Experiment
Station and the National Warm Air Heating and Air Conditioning
Association. The objective was to determine an arrangement and pro-
cedure for obtaining the pressure characteristics of a blower when
used in conjunction with a furnace. A technical advisory committee
was formed by the Furnace Blower Manufacturers Association which
served as a steering committee for the project.
A test arrangement was developed, and pressure characteristics
were obtained for the three separate blowers used in conjunction with
a hi-boy blower-furnace combination. An alternate test arrangement
was also developed for a lo-boy blower-furnace combination. These
arrangements provided a practical and accurate means of determining
the pressure characteristics of a blower in terms of the total pressure
that is available external to the blower-furnace combination. Further-
more, by determining the total pressure performance of the blowers
alone, with either the NAFM Plate I or Plate V arrangements, it was
possible to establish the pressure loss through a blower-furnace com-
bination. This loss was determined by the difference in available
pressure external to the blower-furnace combination and external to
the blower alone.
The tests conducted with the hi-boy furnace indicated that blowers
of the same type and nominal size, but of different construction, did
not give identical pressure characteristics. Each combination of blower
and furnace produced a distinct pressure characteristic curve, which
indicates that each combination of blower and furnace requires an
individual test.
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I. INTRODUCTION
1. Preliminary Statement
This Bulletin is a report of an investigation conducted in the
Mechanical Engineering Laboratory under the terms of a cooperative
agreement between the National Warm Air Heating and Air Condi-
tioning Association and the Engineering Experiment Station of the
University of Illinois. The agreement was formally approved in
August 1918, and warm-air heating research has been conducted under
its terms continuously since that time. In this cooperative research
agreement the National Warm Air Heating and Air Conditioning
Association is represented by its Research Advisory Committee. Dur-
ing the period of investigation reported the committee consisted of:
F. L. Meyer, Chairman, Meyer Furnace Co., Peoria, Ill.
R. K. Becker, Ohio Valley Hardware and Roofing Co., Evansville, Ind.
J. B. Burrowes, Lau Blower Co., Dayton, Ohio.
K. T. Davis (representing the American Gas Association), Bryant
Heater Co., Cleveland, Ohio.
G. W. Denges, Williamson Heater Co., Cincinnati, Ohio.
R. S. Dill, National Bureau of Standards, U. S. Dept. of Commerce,
Washington, D.C.
E. R. Downe, C. A. Olsen Manufacturing Co., Elyria, Ohio.
R. A. Gulick, May-Fiebeger Co., Newark, Ohio.
W. W. Johns, Johns and Son Furnace Co., Urbana, Ill.
Gordon Kinsman (deceased), Lau Blower Co., Dayton, Ohio.
C. W. Nessell, Minneapolis-Honeywell Regulator Co., Chicago, Ill.
F. J. Nunlist, L. J. Mueller Furnace Co., Milwaukee, Wis.
N. A. Palmer, Eureka-Williams Corp., Bloomington, Ill.
H. F. Randolph, International Heater Co., Utica, N. Y.
F. W. Taylor, National Warm Air Heating and Air Conditioning
Association, Canadian Chapter, Toronto, Ont.
H. Weyenberg, Holland Furnace Co., Holland, Mich.
2. Acknowledgments
This investigation has been conducted as part of the work of the
Engineering Experiment Station and as a project of the Department
of Mechanical Engineering. The investigation was conducted under
the general administrative direction of Dean M. L. Enger, then
Director of the Engineering Experiment Station, and Professor N. A.
Parker, Head of the Department of Mechanical Engineering.
Acknowledgment is also made to the Furnace Blower Manufacturers
Association, represented by the following Engineering Committee.
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J. B. Burrowes, Lau Blower Co., Dayton, Ohio.
Al Galaba, Morrison Products, Inc., Cleveland, Ohio.
J. J. Hagerman, Bishop and Babcock Manufacturing Co., Cleveland,
Ohio.
Gordon Kinsman (deceased), Lau Blower Co., Dayton, Ohio.
M. I. Levy, Viking Air Conditioning Corp., Cleveland, Ohio.
W. A. Rockafield, The Brundage Co., Kalamazoo, Mich.
G. L. Schwartz, Air Controls, Inc., Cleveland, Ohio.
This Bulletin includes material from three theses completed under
the direction of Professor S. Konzo and submitted in partial fulfill-
ment of the requirements for the degree of Master of Science in
Mechanical Engineering-by the senior author in 1947, M. C. Kulur
in 1948, and S. N. Chiang in 1949. Acknowledgment is also made to
J. J. Boland, S. F. Gilman, G. 0. Handegord, Y. C. Ji, H. 0. Mertens,
S. C. Stein, T. L. Towne, A. G. Wilson, and E. R. Zieve, graduate
students, for their assistance in conducting tests.
3. Resistances to Air Flow in Forced-Air Heating Systems
In a typical forced-air heating system, shown schematically in Fig.
1, air is drawn through the return-air ducts and into the furnace
through air filters, and is then forced over the heat exchanger surfaces
and through the warm-air duct system into the spaces to be heated.
The force required to move the air through this system of ducts and
restricted passages is developed by a furnace blower installed inside
the casing of the furnace, or in a blower cabinet connected to the fur-
nace. The term "blower" as herein used refers to a centrifugal fan.
The warm-air heating industry uses the term blower to distinguish
centrifugal fans, such as are used in forced-air systems, from low-
pressure propeller fans which were formerly used.
The resistances placed on the blower by the duct system, external
to the blower-furnace combination, are usually predetermined at some
arbitrary value by the designer of the duct system. However, the in-
ternal resistances of the furnace and blower cabinet cannot be pre-
determined but must be evaluated by actual tests. In an earlier series
of tests the internal resistance, or pressure drop, through the blower
cabinet and furnace casing was found to be of considerable magnitude.
In 1941, L. B. Ritchey and H. R. Stover conducted a series of tests to
determine the pressure characteristics of a blower used in conjunction
with a furnace. For these tests pressure-characteristics curves were
obtained in which the static pressures external to the blower-furnace
combination were plotted against the air quantity. As shown in Fig. 2,
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FIG. 1. SOHEMATIO DIAGRAM OF A FORCED-AIR HEATING SYSTEM
Air Delivery in c.fm., at Standa'rd De,7nsi/
FIG. 2. STATIC PRESSURE CHARACTERISTICS OF A BLOWER-FURNACE COMBINATION
BY PREVIOUS TESTS
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the curves indicated that as the free-standing blower was successively
restricted by the presence of the blower housing, furnace casing, and
filter, the performance of the combination was correspondingly re-
duced. For example, although the blower pressure-characteristic
(curve 2) indicated an air delivery of 1830 cu ft per min (hereinafter
called efm) against an external static pressure of 0.20 in. of water,
the combination of blower and furnace (curve 6) gave a delivery of
only 850 cfm at the same external static pressure. It was concluded
that the internal resistance, or pressure drop, was of considerable
magnitude. Furthermore, it was probable that any other arrangement
of blower housing, heat exchanger, furnace casing, and filters would
show different results and that no general conclusions could be drawn
as to the magnitude of these resistances. In other words, the pressure
characteristics of each blower-furnace combination would have to be
determined by test. The arrangement used by Ritchey and Stover was
not practicable for commercial application because of the difficulty
of determining the air quantity flowing. In addition, each blower-
furnace combination tested by this arrangement would require special
return air and discharge ducts. Hence a standard duct arrangement
and a convenient method of measuring the air quantities were desired.
4. Object and Scope of Investigation
Before the pressure characteristics of a blower-furnace combination
are completely determined, it is necessary that the basic pressure
characteristic be established of the blower alone. Several methods are
available. The two most commonly used are the methods designated as
Plate I and Plate V by the National Association of Fan Manufac-
turers(M*, hereinafter designated as the NAFM Plate I and Plate V
methods. Line diagrams of the test arrangements for these two methods
are given in Fig. 3, and typical pressure characteristic curves are
shown in Fig. 4, as obtained by each method. The Plate V method is
specified for testing and rating furnace blowers, but its use has been
limited because of the extensive space and equipment required. At
present, furnace blowers are commonly tested and rated by the Plate I
method, although it is recognized that the pressure characteristics ob-
tained thereby may deviate somewhat from those obtained by the
Plate V method (Section 12 of this Bulletin). In any case, since the
Plate I method is predominantly used at the present time in testing
and rating furnace blowers, it was also used in the tests reported
herein to illustrate the procedure for determining the pressure loss
* Parenthesized superscripts refer to the correspondingly numbered entries in references.
BULL. 390. BLOWER FURNACE UNIT PRESSURE CHARACTERISTICS 13
FIG. 3. PLATE I AND PLATE V ARRANGEMENT: NATIONAL ASSOCIATION OF
FAN MANUFACTURERS
through the blower-furnace combination. Since the procedure given
is applicable to either the Plate I or the Plate V Method, any later
adoption of the Plate V method by the furnace-blower industry will
not invalidate the conclusions herein presented.
ACT
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However, the specific objective of this investigation was not to com-
pare the performance of a given blower as determined by the Plate I
or the Plate V method, but to specify a test arrangement and method
which would enable blower and furnace manufacturers to determine
the performance characteristics of a given blower when used in con-
junction with a forced-air furnace.
Air Quanf/H,', Stonadard Dens/ty, in ce. ft. per min.
FIG. 4. TYPICAL PRESSURE CURVES POR A BLOWER
5. Variables Involved in Determining the Pressure Characteristics of
a Blower-Furnace Combination
The combination of a blower and a furnace can be considered as an
equivalent blower unit. As in the case of an isolated blower, the pres-
sure characteristics of the combination can be represented for any
given blower speed by a curve showing the relation between air de-
livery of the combination and the pressure available external to the
unit. This pressure would consist of the negative pressure at the inlet
and the positive pressure at the discharge of the combination. For each
blower speed a separate pressure characteristic curve can be deter-
mined, so that a complete presentation of the pressure characteristics
of the combination would consist of a family of curves established over
a wide range of blower speeds. However, in the case of the blower-
furnace combination as contrasted to that of the isolated blower, a
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complete statement of the pressure characteristics is neither required
nor of interest. Under conditions of normal operation of the blower-
furnace combination the blower speed to be used is determined by
factors which have been arbitrarily specified by industry codes( 2, 3)
This blower speed is that required to produce a static pressure of 0.200
in. of water external to the combination, and a temperature rise of
100 deg F * from blower inlet to furnace discharge, when the fuel
input corresponds to the rated heat input of the furnace. As is ex-
plained in Chapter IV, the procedure given herein consists first of
determining the specific speed of the blower at which all subsequent
tests are to be conducted, and secondly of conducting the tests
necessary to determine the characteristics of the blower-furnace
combination.
* Hereafter, temperature is stated in degrees Fahrenheit without further specific mention
of the scale.
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II. DESCRIPTION OF TEST APPARATUS
6. Laboratory Test Arrangement
(a). Hi-Boy Furnace Test Arrangement.-The test arrangement
shown in Fig. 5 for the hi-boy furnace consisted of an orifice box, a
trunk duct, the furnace, and a furnace plenum together with stub
duct. "Hi-boy" refers to a furnace arrangement in which the blower
is mounted below the combustion chamber and heat exchanger. The
orifice box, described in detail in Appendix A, was provided with an
FIG. 5. SCHEMATIC DIAGRAM OF HI-BoY FURNACE TEST ARRANGEMENT
auxiliary blower and a %-hp motor inside the box, 4 orifices mounted
on the top plate, and a piezometer connection at the center of the top
plate.
The trunk duct attached to the orifice box at the auxiliary blower
discharge contained a slide damper, a perforated plate, and egg-crate
straighteners. To determine the pressure in the trunk duct a piezom-
eter ring was installed at the measuring station. Details of the trunk
duct and accessories are given in Appendix B.
The plenum installed at the furnace discharge was covered with two
layers of 1/-in. corrugated-asbestos insulation in order to minimize
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the heat loss from the plenum to the atmosphere. Details of the plenum
and stub duct are included in Appendix C.
(b). Lo-Boy Furnace Test Arrangement.-The test arrangement
for the lo-boy furnace-consisting of the orifice box, trunk duct, the
lo-boy furnace, the furnace plenum and stub duct-is shown in Fig. 6.
In a lo-boy furnace the blower is installed in a cabinet connected to
the furnace and delivers the air into the casing near the base of the
furnace. In this arrangement the trunk duct formed an arch to allow
FIG. 6. SCHEMATIC DIAGRAM OF Lo-BOY FURNACE TEST ARRANGEMENT
the air to enter the top of the return-air plenum of the furnace. The
height of the warm-air plenum was the same as that shown in Fig. 5
but the plenum and stub duct were larger. Details of the plenum and
stub duct are presented in Appendix C.
7. Instrumentation
The differential pressure between the inside and the outside of the
orifice box, the pressures in the trunk duct, and the pressures in the
plenum were measured by means of inclined manometers, or draft
gages. Two gages with scale markings from 0 to 0.5 in. of water and
two gages with scale markings from 0 to 1.0 in. of water were used.
They were separately calibrated with a sensitive micromanometer.
The speed of rotation of the furnace blower was observed by means
of a speed indicator reading directly in revolutions per minute.
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Thermocouples at the inlet and discharge of the furnace were used
to measure air temperatures. The wet- and dry-bulb temperatures of
the inlet air were obtained by means of a sling psychrometer. A gas
meter and a stopwatch were used to determine the actual gas input
volume delivered to the furnace, in cubic feet per hour. The gas tem-
perature and pressure were measured at the inlet to the gas meter
by a thermometer and vertical draft gage, respectively. Barometric
pressures were obtained by a mercury barometer.
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III. DESCRIPTION OF EQUIPMENT TESTED
8. The Hi-Boy Furnace and Blowers A, B, and C
The hi-boy furnace shown in Fig. 7 was separately tested in con-
junction with three different blowers, referred to as A, B, and C. The
furnace blower, mounted below the heat exchanger, discharged up-
ward against the bottom of the combustion chamber. Rated capacity
of the furnace was 58,000 Btu per hr output at the bonnet, with an
FIG. 7. SCHEMATIC DIAGRAM OF HI-Boy FURNACE
input of 72,500 Btu per hr. The fuel used was natural gas, which was
burned in a venturi-tubular burner. The heat exchanger, of welded-
steel construction, contained four air tubes slanting diagonally
through the exchanger from the center of the front and discharging at
the top near the rear of the furnace. The clearance between the radia-
tion jacket and heat exchanger was approximately 1 in. At the base
of the furnace casing and on opposite sides were two return-air inlets.
One or both could be used, although for the present tests only one was
used. The filter was installed at the face of the return-air intake.
ILLINOIS ENGINEERING EXPERIMENT STATION
TABLE 1
OVERALL DIMENSIONS OF BLOWERS
Dimensions in inches
l I[ .. . . . . . . I,t- - _
-F' - -- --
"^^
1
-------
C7
D F -
Blower A B C D E F G
A 
6
5/16 101/4 7/16 141'6 10 111¾6 161%6
B 617/32 101/4 6% 146 10% 1115y 151
0 71 9% 7 1A 151/16 97/16 10% 157
D 8% 137/1i 91'i 19% 13% 15% 22%6
FIG. 8. SCHEMATIC DIAGRAM OF Lo-BoY FURNACE
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The three 9-in. blowers tested in combination with the hi-boy fur-
nace were centrifugal blowers having an upward discharge arrange-
ment. Their overall dimensions are shown in Table 1. Either A or B
was installed in the furnace when sold commercially. Although of the
same general type, blower C was specially built for this investigation.
9. The Lo-Boy Furnace and Blower D
The lo-boy furnace shown in Fig. 8 was tested with blower D, the
dimensions of which are given in Table 1. The rated capacity of the
lo-boy furnace was 132,000 Btu per hr output, with an input of
165,000 Btu per hr. The fuel used was natural gas, which was burned
in a ribbon-type burner.
A blower of the bottom, horizontal-discharge arrangement was in-
stalled in a cabinet integral to the furnace. The blower discharged
into a chamber below the heat exchanger, and against the back of the
combustion chamber. The air then passed through the heat exchanger
and out through the top of the furnace. Two filters of the throw-away
type were located above the blower.
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IV. ANALYSIS OF PRESSURES AND PRESSURE LOSSES
10. Pressures External to a Blower
With a blower so arranged that free-inlet conditions exist and all
of the resistances are imposed on the discharge side alone, the relation-
ships of pressures can be expressed as follows:
TPd = VPa SPd, (1)
in which
TPa is the total pressure on the discharge side,
VPd is the velocity pressure on the discharge side, and
SPd is the static pressure on the discharge side.
However, when all the resistances are imposed on the inlet side of the
blower, the relationships of pressures can be expressed as:
TP = TSi - VPj, (2)
in which
TP, is the total pressure on the inlet side,
TS, is the total suction on the inlet side, and
VP, is the velocity pressure on the inlet side.
Equations (1) and (2) are shown diagrammatically in Fig. 9. "Total
suction" is sometimes referred to as the "total pressure on the suction
side"'' of the blower. This latter terminology can be misinterpreted, so
that for this Bulletin the following definitions have been used.
Total suction (TSi) is the pressure obtained with a piezometer con-
nection installed on the suction side of a blower, and
Total pressure on the inlet side of the blower (TP,) is the pressure
obtained with an impact, or dynamic, tube.
In the case where the resistances are imposed on both the inlet and
the discharge, the blower must
(a) create the velocity at entrance (VPi),
(b) overcome losses on the inlet side (TS 1 - VPJ),
(c) create additional velocity, if any, on the discharge side
(VPa - VPJ), and
(d) overcome losses on the discharge side (SPd).
That is, the total pressure available external to the blower, TP, is
TP = VP, + (TSj - VP1 ) + (VP 1 - VPJ) + SPd
= (TS, - VP,) + (VPa + SPa) (3)
These relationships are also shown in Fig. 9. Furthermore, the static
pressure available external to the blower, SP, can be expressed as:
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SP = TS, SPd (4)
Piezometer connections for measuring both TSi and SPd were pro-
vided in the test arrangements, as described in Chapter II. A series of
traverses of velocity pressures across the trunk duct and the plenum,
as described in Appendixes B and C, indicated that the variations in
velocities across the ducts at the measuring stations were small. Hence
the average velocity pressures as determined by the traverse agreed
well with the calculated values of VPd and VP,, as determined from
T.Pd
Absolute Zero Pressure;
FIG. 9. PRESSURES ON THE INLET AND DISCHARGE OF A BLOWER
the measured air volume. The calculated values of the velocity pres-
sures were therefore used in subsequent analysis of the data. By sub-
stituting the values thus obtained in Equations (3) and (4), the total
pressure and static pressure available external to the unit, and thus
the pressure characteristics of the blower-furnace combination, could
be evaluated.
Under certain conditions, Equation (3) can be further modified.
For example, a rearrangement of the terms in Equation (3) gives:
TP - (VPd - VPJ) + (SPd + TSJ (5)
In cases where the inlet and discharge ducts are equal in size, or ap-
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proximately so, the difference between VPa and VPj becomes neglig-
ibly small, and Equation (5) reduces to
TP = SPa + TSj (6)
In this case, Equations (4) and (6) are the same, and therefore the
magnitudes of SP and TP are the same. The magnitude of the differ-
ence between VPi and VPd for the equipment tested is shown in Ap-
pendix C. For the extreme case a maximum difference in velocity
pressure of only 0.002 in. of water was obtained. Therefore, for the
equipment tested, Equation (6) was used for determining the total
pressure available external to the unit, in place of the exact but more
complicated relationship represented by Equation (5). In those cases
where the difference between VPj and VPd is greater than about 0.002
in. of water, the velocity pressures should both be calculated and
Equation (3) should be used in evaluating the total pressure per-
formance of the combination.
11. Establishing Static Pressure for the Rated Point of Operation
In the procedure required to determine the rated point of operation,
as discussed later in Section 17, a static pressure of 0.200 in. of water
external to the combination is maintained. This static pressure can be
evaluated by means of Equation (4) as long as the following condi-
tions exist:
(a) That the size of the warm-air plenum in the test arrangement is
the same as that used in a field installation, which will be the case if
the specifications for the test arrangement given in Appendix C are
followed. Therefore, no corrections are required for evaluation of SPd.
(b) That the size of the return air inlet is the same as that for the
trunk duct. For the purpose of obtaining proper flow conditions, as
discussed in Appendix B, the size of the trunk duct was specified as
24 in. x 30 in. However, the actual opening area of return air inlet will
depend upon the construction of the furnace to be tested, and will in
most cases be smaller than the area of the trunk duct. That is, the
velocity pressure in the trunk duct will usually be smaller than that
at the return air inlet.
As a result of the difference in sizes of the trunk duct and the
return-air inlet, two possible pressure corrections needed to be investi-
gated. The first of these is the contraction loss which can occur when
the air in the trunk duct is accelerated into the smaller return-air
opening, with a resulting turbulence loss. In most cases these losses are
quite small and can be neglected. However, in some cases when the
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return air opening is small and the air flow rate is quite large it may
be desirable to make a correction. The approximate magnitudes which
may be expected can be determined by the Carnot-Borda Equation(4 ) .
For example, with a 200 sq in. return-air opening and 450 cfm flowing,
the loss would be only about 0.0002 in. of water, and for 800 cfm flow-
ing it would be about 0.006 in. of water. In the latter case the magni-
tude is not negligible; however, in practical design a unit capable of
handling 800 cfm would undoubtedly have a much larger return air
opening. For the case of a 325 sq in. return-air opening and 575 cfm
flowing, the correction would be only 0.001 in. of water. For the same
opening and 800 cfm a correction of only 0.002 in. of water would be
necessary. Furthermore, since this correction is to be applied on the
inlet side of the blower, both the TP, and TSi readings which are ob-
tained would be less than that which would be available had no con-
traction taken place. Therefore, if this contraction loss is neglected
the pressure characteristic of the blower-furnace combination will be
slightly low.
The second possible pressure correction involves the conversion of
static pressure in the trunk duct to velocity pressure at the return
air inlet, assuming no turbulence loss. This correction to the meas-
ured value of TSi is shown in the following analysis. The pressure
relationships at the trunk measuring station have been given by
Equation (2), as follows:
TP, = TS -VPi (2)
Similarly, the pressure relationships at the return-air inlet to fur-
nace can be expressed as
TPi' =- TS' - VPj' (2)'
Since the distance between the trunk measuring station and the fur-
nace inlet is only 11/2 ft the duct friction loss can be considered as
negligible. Furthermore, the pressure loss due to the contraction of the
air as it is drawn from the large trunk duct through the smaller inlet
opening is neglected. Under these conditions
TP, = TPP', and
TSi - VPj = TSi' - VPj' (8)
That is, by rearranging terms,
TSi' = TS, + (VP+ ' - VPj) (9)
The difference in velocity pressures can be considered as a correction
to be applied to the measured value of total suction (TSi) at the trunk
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measuring station. Therefore, for evaluating the static pressure to be
maintained during the tests for the rated point of operation the follow-
ing modification of Equation (4) is to be used:
SP = TSi' +SP (4)'
Combining Equations (4)' and (9) :
SP = TS, + (VP,' - VPJ) + SPd (10)
As will be shown later in Fig. 17, curves have been derived based on
Equation (10) for various sizes of return air inlets. It should be ob-
served that corrections of the type indicated in Equation (10) are not
necessary for total pressure determinations.
12. Pressure Loss Through Blower-Furnace Combination
For a given volume of air circulated, the difference in pressure
available with the blower alone and with the blower-furnace combina-
tion has been designated as the pressure loss through the blower-
furnace combination. Furthermore, if pressure characteristic curves
of the blower alone and of the blower-furnace combination can be
separately established at the same speed, the difference between the
two curves can be represented by another curve representing the
pressure loss of the combination over a wide range of air volumes. As
discussed in Section 10, the arrangement described herein provides
means of establishing the pressure characteristics of the blower-
furnace combination under test.
The final step, therefore, involves a test arrangement which will
provide means for a precise determination of the pressure character-
istics of the blower alone. As shown in Fig. 3, two test arrangements
are available, which are designated as NAFM Plate I and Plate V ar-
rangements. An analysis was made of the significance of the pressure
measurements obtained with both arrangements, so that the limita-
tions of the two methods would be clearly set forth. For the purpose
of this analysis, consider two blowers of the same type and nominal
size with all construction features identical except the area of the dis-
charge. Blower X is considered to have a discharge area equal to the
area under the cutoff (Ax), while blower Y with the same cutoff posi-
tion has a discharge area Ay, which is greater than A.. That is, for a
given volume of air delivery, the velocity of air at the discharge area
will be greater for blower X than for blower Y.
Now if both blowers are separately tested according to the specifi-
cations of NAFM Plate I arrangement, the discharge test duct for
blower X will be smaller than that specified for blower Y, since the
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NAFM Test Code requires that the attached test duct shall be equal
in area to the discharge area. In either case the resistances are applied
on the discharge side only, with free-inlet conditions prevailing, so
that Equation (1) is directly applicable. Under the conditions stated,
it would be reasonable to assume that for a given air delivery and
blower speed the total pressure, TP, would be approximately the same
for the two blowers. However, due to the differences in the discharge
areas, VP, will be greater than VPy, and by the same amount SP, will
be smaller than SP,. Hence, for the purpose of comparing the per-
formance of blowers tested by the Plate I arrangement, the total
pressure performance is a more reliable index than the static pressure
performance. For the tests herein described, the total pressure per-
formance was used in preference to the static pressure performance.
In the Plate V arrangement, the test blower is installed in a box,
the resistances are applied on the inlet side of the blower, and the
blower discharges into free air. For this case, Equations (3) and (4)
reduce to the form
TP = TSi - VP- + VPd (11)
By combining Equations (11) and (2),
TP = TP, VPd (12)
For the two blowers X and Y having the same cutoff position but dif-
ferent discharge areas, the true value of TP can be determined only if
VPd is considered at the cutoff area. If this is done, then the values of
TP for blowers X and Y will be the same. It is true that Equation
(12) can be evaluated by assigning a value to VPd corresponding to
that calculated at the blower discharge. In this case, since the dis-
charge areas for blowers X and Y are not the same, the values of TP
for the two blowers will also be unequal-a conclusion which is not
logical from energy considerations. As for the Plate I tests, the use
of total pressure performance is recommended. However, for the
Plate V test, VPd should be considered at the cutoff area in connec-
tion with the test procedure given herein.
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V. DEVELOPMENT TESTS AND RESULTS
13. Effect of Placement of External Resistance and of Temperature
Rise
A number of preliminary tests were conducted in order to determine
the effect on the pressure characteristics of changing the adjustment
of various parts of the test arrangement. Four series of tests were con-
ducted to determine the effect of separately applying the external
resistance on the inlet and discharge sides of the combination, and of
conducting the tests with the furnace both hot and cold. These pre-
liminary tests consisted of the following series:
Series 1. With no heat input to the furnace, and with the external
resistance applied at the furnace inlet only.
Series 2. With no heat input to the furnace, and with the external
resistance applied at the furnace discharge only.
Series 3. With rated heat input to the furnace, and with the ex-
ternal resistance applied at the furnace inlet.
Series 4. With rated heat input to the furnace, and with the ex-
ternal resistance applied at the furnace discharge.
The hi-boy furnace was first tested in combination with blower A;
the results are shown in Fig. 10. On May 20, 1947, two series of tests
were conducted, one with resistance applied to the inlet, and the other
with the resistance applied to the discharge only. In both series the
filter was installed at the furnace inlet. The points for these two series
of tests could be represented by a single curve as shown by curve IV
in Fig. 10. Apparently, the placement of resistance on either the inlet
or discharge sides of the blower-furnace combination gave the same
total pressure performance.
On August 18, 1947, two series of tests were conducted under similar
conditions; the data are represented by Curve V in Fig. 10. Again the
placement of resistance at either the inlet or discharge of the furnace
gave the same total pressure performance; however, in this case the
performance curves were lower than those for the tests conducted three
months earlier. The difference was attributed to the filling of the
filter with dust and lint during the three-month period of operation,
with resultant increase in pressure loss through the filter. For the
purpose of conducting tests that would not be subject to the variable
resistance effects imposed by the air filter, it was considered desirable
to use a constant-resistance device. This filter substitute would have
no air filtration properties but should have a pressure-drop character-
istic similar to that of the filter. The determination of such a substitute
is outlined in Appendix D. The dimensions for filter substitute plates,
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FIG. 11. PRESSURE Loss CURVES SHOWING EPPECT or ADDITION OP HEAT
for the filters most commonly used in forced-air systems, are listed
in Table 7.
The effect of adding heat to the unit is shown by pressure character-
istic curves II and III in Fig. 10; these curves were established with
the filters removed. Rated fuel input was supplied to the furnace in
establishing curve III. The addition of heat to the unit resulted in a
decrease of pressure available externally to the unit for the same
blower speed and quantity of air flowing. This decrease is illustrated
by the difference between the pressure drop curves in Fig. 11. The
difference between the Plate I performance curve and the pressure
characteristic curve for the blower-furnace combination can be con-
sidered as the pressure drop through the blower-furnace combination.
Pressure loss curve (I-II) of Fig. 11 was lower than curve (I-III), a
fact which indicated that the pressure loss through the blower-furnace
combination was higher when heat was added to the furnace.
These trends were in agreement with the statement of S. H. Downs:
"In a system so arranged that heat is added or subtracted inside
the system, the heat change is coincidental with the [change in]
resistance:
Tn, T., - T
" (a) r = K, , where Tm= T2
l T 1
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TABLE 2
RELATIONSHIP BEPWEEN ABSOLUTE TEMPERATURE AND PREssURE Loss
THROUGH A BLOWER-FURNACE COMBINATION
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
Points cfm T1  T2 T7-T 1 T. RH Rc R T2Ro T,
A 910 549.5 607.6 58.1 581 0.457 0.437 1.052 1.057 1.053
B 750 548.5 616.0 67.5 587 0.320 0.301 1.063 1.069 1.063
C 640 547.5 625.4 77.9 589 0.223 0.208 1.072 1.075 1.070
D 475 546.1 648.1 101.4 596 0.118 0.109 1.082 1.089 1.081
or r = K 2  - (approx.),
in which r = static resistance of system, in. of water.
K 1 = a constant.
K,2= a constant.
T, = temperature entering the system, deg. Rankine.
T2 = temperature leaving the system, deg. Rankine.
Tm= log mean temperature, deg. Rankine."t 5)
Also, as stated by S. H. Downs,
"A determination of resistance as affected by temperature changes
can be made by the proportionalities:
RH Tm
R, T,
or
RH T 2R ~--=- (approx. equation),
in which T,, T,, Tm are as listed above.
RE = static resistance of system when no heat is added,
in. of water.
RH = static resistance of system when heat is added, in.
of water. "(6)
TIT
Calculations of the temperature ratios T and were made at
four points indicated in Figs. 10 and 11 as A, B, C, and D; the results
were tabulated in columns (10) and (11) respectively in Table 2.
These calculated values agreed within 1 percent of the actual ratios
RH
of - obtained from test data, which is within the accuracy of the
Rc
instruments used.
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The excellent agreement between the actual resistances and calcu-
lated temperature ratios indicated that, at least for the given furnace,
the procedure for determining the resistance of a hot furnace could be
simplified. Some question arose as to the temperatures that should be
assumed for the correction ratio. In this connection it should be recog-
nized that the range of possible temperature rises through a furnace
is limited by testing codes for forced-air furnaces to a maximum range
of 70 to 100 deg. Hence, as shown in column 5 of Table 2, for test
points C and D corresponding to temperature rise values of 77.9 and
101.4 respectively, the correction ratio of Tma/T is limited to values
between about 1.07 and 1.09. For practical purposes, therefore, an
average value of 1.08 for this temperature correction ratio was selected
and used in subsequent corrections.
14. Comparison of Pressure Characteristics of Blowers A, B, and C
Operated in Combination with the Hi-Boy Furnace
As described in Section 8, three blowers were individually tested in
combination with the hi-boy furnace. The procedure used to establish
the pressure characteristic curves was first to determine a definite
blower speed by operating the furnace with a 100-deg temperature
rise at rated fuel input and with 0.200 in. of water static resistance
applied externally to the blower-furnace combination. These operating
conditions have been designated as those necessary for obtaining the
"rated operation." The unit was then operated cold, and a constant
ratio of diameters of motor pulley and blower pulley was maintained.
The pressure characteristic curve for the combination was then estab-
lished by varying the resistance external to the combination, by means
of a damper. Finally, the blower was removed from the furnace and
an NAFM Plate I performance curve was determined. All data were
corrected to standard conditions and to the rpm determined at rated
conditions. These data were then plotted and are shown in Fig. 12, the
top group of curves representing the NAFM Plate I tests.
Comparison of data from the tests with the three blowers indicated
that rated operation occurred at the same point for all three combina-
tions, a condition which would not necessarily be true for any other
blower used with this furnace. This condition indicates that the effici-
encies of the three combinations of the furnace with blowers A, B, and
C respectively were the same. The pressure characteristics of the
blowers when used in combination with the furnace were approxi-
mately the same over the range of air quantities needed to produce a
70- to 100-deg temperature rise.
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Although the three blowers tested were of the same type and nom-
inal size, the Plate I performance curves for these blowers were some-
what different. The pressure losses through the furnace, obtained by
the differences between the Plate I total pressure curve and the cor-
responding total pressure curves of the blower-furnace combinations,
were also plotted; they are shown as curves A', B', and C' in Fig.
13. The difference in pressure loss for the three blowers cannot be
attributed to any change in the external duct system. Therefore it may
be concluded that blowers of the same type and nominal size but of
different construction do not necessarily perform identically when in-
stalled in the same furnace. It is likely that this variation in perform-
ance is due to the difference in design of the blower housings and
wheels, and may be affected by the design and arrangement of the
heat exchanger of the furnace.
A series of tests were conducted with the final test arrangement for
the hi-boy furnace (Fig. 5) in order to determine whether the tests
could be duplicated, particularly when the blower was removed from
the furnace and replaced. The summary of tests (Fig. 14) indicates
0.4
0.
<0
0.
*K
3
200 400 600
Air Quant/ty, Standarad Density,i in cu.
800
ft. per m/in.
FIG. 14. EFFECT OF WHEEL POSITION ON DUPLICATION OF TEST DATA
N 0
+
Blower A, ?30 rpm.
Cold, Filter Out
o - Wheel Centered,
Resistance on /nlet
* - Wheel to Right,
Resistance' on Inlet and Discharge.
x - Wheel Centered,
Resistance on Inlet and Discharge.
+ - Wheel to Left,
Resistance on Inlet and Discharge.I I I I I
I
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that the tests could be duplicated even though the blower wheel was
shifted as much as 1/2 in. from the center position in the blower hous-
ing. Furthermore, the data obtained with the final arrangement were
in agreement with those obtained with the development tests.
15. Pressure Characteristics of Blower D in Combination with the
Lo-Boy Furnace
The method of procedure for establishing the total pressure per-
formance of blower D with the lo-boy furnace was the same as that
outlined in Section 14. The results, shown in Fig. 15, were essentially
the same as those with blowers A, B, and C and the hi-boy furnace.
16. Summary and Conclusions
(a) The resistance to air flow offered by a furnace cannot be pre-
determined or calculated. Hence the NAFM Plate I or Plate V
pressure characteristics of a blower cannot be reduced by a calculated
amount of internal resistance of a furnace in order to determine the
pressure characteristics of a blower-furnace combination.
(b) A test method and test arrangements have been developed
which provide for rapid determination of the pressure characteristics
of a blower-furnace combination and which give an accuracy well
within the requirements of industrial applications.
(c) When using curves established with the NAFM Plate I or Plate
V arrangement for determining pressure loss through a furnace, the
total pressure curve was used. For curves established with the NAFM
Plate V arrangement, velocity pressure at the discharge of the blower
was calculated for the area under the blower cutoff.
(d) Blowers of the same type and nominal size but of different con-
struction do not necessarily perform identically when installed in the
same furnace.
(e) It is advisable to use a substitute for the furnace filters when
conducting furnace pressure characteristic tests. A set of filter substi-
tute plates has been designed for this purpose.
(f) Variable resistances can be applied on either the inlet or the
discharge of the blower-furnace combination without changing the
pressure characteristics.
(g) The increase of resistance due to heating of the air by the fur-
nace can be calculated. Over the narrow range of temperature rises
that occur in furnace testing, it is possible to obtain the pressure loss
through the combination when heat is applied by multiplying the
pressure loss for the combination when operated cold by 1.08. There-
fore, the conducting of hot tests is not considered essential in this
procedure except for establishing rated operation.
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VI. RECOMMENDED METHOD OF PROCEDURE
17. Establishing the Rated Point of Operation
Based upon the experience gained in conducting the tests on both
the hi-boy and lo-boy blower-furnace combinations, a general method
of procedure for conducting tests has been developed. The blower-
furnace combination to be tested is installed in the arrangement shown
in either Fig. 5 or Fig. 6, depending on the type of furnace. Since the
method of procedure is the same for both arrangements, for the sake
of brevity the procedure will be outlined for the hi-boy arrangement
alone, and actual data will be used to illustrate this procedure. The
seven measuring stations indicated in Fig. 16 will be referred to by
FIG. 16. SCHEMATIC DIAGRAM or TEsT ARRANGEMENT
number in the steps outlining the procedure. As designated in Section
5 the rated point of operation is determined by varying the blower
speed until a 100-deg temperature rise is obtained with rated fuel
input and a static resistance applied externally to the unit of 0.200 in.
of water. The corrections necessary to obtain 0.200 in. of water static
pressure external to the blower-furnace combination for the developed
arrangement have been discussed in Section 11.
The procedure for establishing the rated point of operation is out-
lined below, and an example is given to illustrate it.
Procedure Example
(a) Supply the rated fuel input to (a) The input in this example was
the furnace, at point 1 in Fig. 72,500 Btu per hr.
16.
(b) Start both the auxiliary blower
and the blower under test.
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(c) Vary the air quantity supplied
at 6 until a 100-deg temperature
rise, measured between points 4
and 5, is obtained.
0
FIG. 17.
I I I I I
R&AtrI7 Ak t4vn;,Yji
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7
200 400
Air quaniH/y,
PRESSURE READING
(d) From Fig. 17 determine the cor-
rected external static pressure to
be measured in order to obtain a
0.200 in. of water static pressure
external to the blower-furnace
combination.
2
z
(c) First trial:
Temperature rise: 107.9 deg. Air
quantity flowing: 338 cfm.
Temperature rise is too great;
therefore, air quantity flowing
is too small. Increase air quan-
tity flowing and recheck tem-
perature rise.
-I
7/
2
7/
400
/
/
7/
I
600 800 /000 /ZOO /400
S, landara Densi/y, in ca. fX/ per mrin.
TO OBTAIN 0.200 IN. OF WATER STATIC PRESSURE
FOR RATED OPERATION
Second trial:
Temperature rise: 93.9 deg. Air
quantity flowing: 469 cfm.
Temperature rise is too small.
Decrease air quantity flowing.
Third trial:
Temperature rise: 100.0 deg. Air
quantity flowing: 425 efm.
(d) With a 15 in. x 20 in. (300 sq
in.) return air inlet and 425 cfm
flowing, the static pressure to be
measured should be 0.202 in. of
water. This includes a correction
of 0.002 in. of water.
. 0.208
N
(0 O.Z04
0 2.04
0.200
1":/U. sq,. n.
00O sa. . -/4
4
Soo',
600
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C Q
Air Oaa'ntlty
(e) Adjust furnace blower speed and
trunk slide damper simultane-
ously to obtain air quantity at 6
established in step (c) when the
pressure determined in step (d)
is obtained by adding the magni-
tude of the readings at 2 and 3.
(f) Verify the temperature rise from
inlet to discharge of the combi-
nation by difference between 4
and 5. If a 100-deg temperature
rise is not obtained, change air
quantity flowing by adjustment
of the furnace blower speed.
During this adjustment the ex-
ternal static pressure established
in step (d) should be maintained.
(g) Determine the blower speed at 7.
FIG. 18 (ABOVE, AT LEFT). TYPI-
CAL REPRESENTATION OF DATA OB-
TAINED FROM RECOMMENDED PRO-
CEDURE
FIG. 19 (BELOW, AT LEFT). TYPI-
CAL REPRESENTATION OF PRESSURE
Loss
(e) After dampering, the air quan-
tity flowing is 425 cfm and the
sum of pressure magnitudes ob-
served at 3 and 4 is 0.202 in. of
water.
(f) In this step to verify the temper-
ature rise, the air quantity flow-
ing was 425 cfm, the external
static pressure was 0.202 in. of
water, and the temperature rise
was found to be 100 deg. Conse-
quently, no further adjustment
of blower speed was necessary.
(g) The blower speed after final ad-
justment was 730 rpm.
After correcting the data obtained in steps (a) - (g) to standard
conditions, as outlined in Appendix E, the rated point of operation
can be plotted as shown in Fig. 18 by point B.
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18. Establishing the Pressure Characteristic Curve
Once the rated point of operation has been established, the ratio
between the pulley diameters on the blower and on the blower motor
should be held constant, but the fuel supply to the furnace should be
shut off. No heat should be added to the furnace for any of the re-
maining tests.
A pressure characteristic curve for the blower-furnace combination
under test should be determined in the following sequence:
(h) Adjust the trunk slide damper to
the closed position, thus applying
the maximum amount of resist-
ance externally to the blower-
furnace combination.
(i) Start the blower which is being
tested with the furnace, but not
the auxiliary blower in the ori-
fice box. With these operating
conditions the following data
can be obtained:
(1) The quantity of air being
delivered to the furnace by means
of the orifice differential at 6.
(2) The pressure available ex-
ternally to the blower-furnace
combination, by the sum of the
pressure magnitudes read at 2
and 3, respectively, and
(3) the speed at which the
blower is operating, measured
at 7.
(j) Change the closure of the trunk
slide damper and repeat step (i),
obtaining the quantity of air
flowing, pressures external to the
combination, and the blower
speed.
(k) When the full range of values
has been obtained that is avail-
able for only the furnace blower
in operation, start the auxiliary
blower in the orifice box and ob-
tain a full range of values avail-
able with both the furnace
blower and the auxiliary blower
operating.
(1) Air quantity flowing:
efm.
(2) Pressure available: 0.360 in.
of water.
(3) Blower speed: 737 rpm.
(1) Air quantity flowing: 433
cfm.
(2) Pressure available: 0.270 in.
of water.
(3) Blower speed: 733 rpm, etc.
(1) Air quantity flowing: 785
cfm.
(2) Pressure available: 0.035 in.
of water.
(3) Blower speed: 726 rpm.
(1)'Air quantity flowing: 800
cfm.
(2)' Pressure available: 0.018 in.
of water.
(3)'Blower speed: 725 rpm, etc.
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After correcting the data obtained in steps (h) - (k) to standard
conditions, as outlined in Appendix E, the data when plotted will be
similar to the typical pressure-characteristic curve shown as Curve C
in Fig. 18.
19. Pressure Loss Through the Blower-Furnace Combination
The loss in pressure occurring as the air passes through the blower-
furnace combination is determined by the difference between the
pressure characteristic of the blower installed in the furnace, and the
pressure characteristic of the blower when operated separately. A rep-
resentative pressure characteristic curve for a blower installed in a
furnace is shown as Curve C in Fig. 18. The pressure characteristics
of a blower operated separately, as obtained with the NAFM Plate I
or Plate V method, are represented by Curve A in Fig. 18. The differ-
ence between Curve C and Curve A, shown as Curve D of Fig. 19,
represents the pressure loss through the blower-furnace combination.
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APPENDIX A
THE ORIFICE BOX AND ITS CALIBRATION
20. Construction Details
The orifice box, as shown in Fig. 20, was constructed of 16-gauge
sheet metal covering an angle-iron frame. The overall dimensions were
5 ft in width, 5 ft in depth, and 4 ft in height.
An auxiliary blower was installed inside the box, with the discharge
opening of the blower placed at the front opening of the box. This
blower was driven by a 3/4 -hp, 110-volt, a-c motor. Four orifices in-
stalled on the top of the box were 5, 7, 8 and 11 in. in diameter. To
provide an air seal between each orifice and the box, a gasket was used.
When one or more orifices were not in use, the openings were sealed
Door Fastenin;_
S-Round Spoonge Rubber Casket,
Sealed with Rubber Cement
S/oot-Welded to Frame
l•Ang/e Iron II
> ^Forward
lCurved Blade
L \
For 10-32 --
Or/ffce
P/ate
Plate 4" Thick
Oriffce Patfe
Moun fing
3xl Transparent Rubber
Tubing Sealed in Place
TubGn Sea/ed cn P/ace
Orif/ce Cover
FIG. 20. DETAILS OF ORIFICE Box CONSTRUCTION
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with wooden covers held in place by a wing nut and cross bar. These
covers also were provided with gaskets. A 1/-in. pipe, installed at the
center of the top and projecting into the box, served as a piezometer
connection for determining the pressure differential across the orifices.
Details of the orifices and cover plates are shown in Fig. 20.
At the rear of the box a removable service door was provided. This
door, fastened in place by means of wing nuts on 1-in. bolts welded to
the frame, was sealed by a rubber gasket glued to the frame. All other
joints in the orifice box were covered with asbestos paper to prevent
leakage.
FIG. 21. ORIFICE Box CALIBRATION ARRANGEMENT
21. Calibration Arrangement
For purposes of calibrating the orifices, a duct 14 in. high, 16 in.
wide, and 61/2 ft long was attached to the discharge opening of the
auxiliary blower as shown in Fig. 21. Attached to the other end of the
duct was a transition piece from rectangular to round and to it a 10-in.
diameter duct 11/ ft in length. Four inches from the discharge open-
ing of the auxiliary blower a control louver was provided. During all
calibration tests the control louver was locked in full open position to
assure a constant velocity pattern at the measuring station. Immedi-
ately downstream from the control louver a set of straighteners were
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installed in order to minimize swirl in the air stream. The measuring
station was installed approximately 31/2 ft downstream from the tran-
sition piece. A pitot-tube locator plate which enabled positive posi-
tioning for a 20-point traverse and center-point reading was installed
at the measuring station. Downstream 41/2 ft from the measuring
station a butterfly damper was installed which regulated the amount
of air flow by imposing a variable resistance on the auxiliary blower.
0.40 I-
*1..
C,)
I~:z
.4'-
4'.
0.20
0.10 -
0.09
0.08 -
0.07
0.06 --
F,
h1 at Traverse Center Point /7 Inches of Wafer
FIG. 22. CALIBRATION CURVE FOR 10-IN. DUCT
22. Calibration Procedure
For the purpose of obtaining a relationship between cfm of air flow-
ing and the orifice pressure differential, it was found advisable to first
calibrate the 10-in.-diam duct shown in Fig. 21. For this purpose a
curve was established showing the relationship between the velocity
pressure at the center of the duct and the average square roots of the
velocity pressures over the cross-sectional area of the duct, as is shown
in Fig. 22. The method and procedure for establishing the curve are
outlined (7) in Appendix A of the University of Illinois Engineering
Experiment Station Bulletin 342.
For the second step in calibrating the orifices, the pitot tube was
placed at the center point of the measuring station, and all but one
orifice was covered. With the damper of the 10-in.-diam duct wide
open, the pressure differential across the orifice and the center-point
-1
nn. IS
-, ~
n(04
T0.40
fJ f14
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velocity pressure at the pitot tube were recorded simultaneously. The
damper setting was then changed and the readings were repeated until
data were obtained over a wide range of air volumes.
The total quantity of air flowing through the orifices, Q, for each
setting of the damper was determined by the equation Q = AV. The
actual cross-sectional area, A, of the 10-in. duct was 0.545 sq ft. The
velocity, V, was equal to 1096.5 -, in which Vh0 was obtained
from Fig. 22 and d was the air density in pounds per cubic feet.
The quantity of air flowing was converted to conditions of standard
density. Table 3 shows a sample data sheet for calibration of the 8-in.
orifice. Equations for the air density and cubic feet of air flowing per
minute actual and standard are shown on the lower part of the table.
The above procedure was followed in calibrating each of the four ori-
fices. The values of the quantity of standard air flowing in cubic feet
per minute were then plotted on log-log coordinates against the pres-
sure differential across the orifice as shown in Fig. 23. A straight-line
TABLE 3
SAMPLE DATA SHEET FOR CALIBRATION OF THE 8-IN. ORIFICE
1) Orifice open 8" Operators: Buckley, Wilson
2) Readings: Date: August 4, 1947
Test A-60
No.
1
2
3
4
5
6
7
8
9
10
Vel.
Press.
0.062
0.049
0.035
0.026
0.020
0.015
0.011
0.008
0.007
0.004
Ave.
Vh,,
0.236
0.209
0.177
0.153
0.134
0.117
0.100
0.088
0.080
0.061
Qa
cfm
530
470
398
344
301
262
224
198
180
137
Qs.
cfm
515
456
387
334
292
254
218
192
175
133
Orifice
Diff.
0.314
0.243
0.180
0.137
0.108
0.085
0.063
0.050
0.040
0.029
3) Barometer: 29.502 in. of mercury
4) Temperature: D.B. 89.3°F., W.B. 75.3 0 F.
5) Air Density = d. = 1.327 ( B -01)= 0.071 lb per cu ft(460 + t)
6) Vd. = 0.266
7) Q, = 1096.5 0.545V d
8) Q. = Qo. G do
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relationship was obtained, in which the average deviation of the ob-
served points from the straight line was about 2 percent. In a separate
series of tests two or more orifices were opened at the same time and
readings were taken as before. Then, using the orifice pressure differ-
ential, the quantity of airK4hat would have been flowing had each of
the orifices been open individually was determined from Fig. 23. These
values were added and were compared with the values obtained during
the test run; they agreed within 5 percent. It was concluded, therefore,
that the curves in Fig. 23 could be used for single orifices as well as
for any combination of orifices in parallel.
23. Orifice Coefficients
The theoretical quantity of air which will flow through an orifice ,
is expressed by the equation:
q = Av,
where '
q = air quantity flowing, in cfs
A = cross-sectional area of orifice, in ft per see
v = velocity through orifice, in ft per sec
For the case of an orifice installed in a pipe (8), Equation (1) is modi-
fied to the following form:
r(D2 2)
q =- 1• !/2gh, (2)4 1 -- 4
where
q = actual air quantity flowing, in cfs
D2 = diameter of the orifice, in ft
C = discharge coefficient
D,S= -- ratio of orifice to pipe diameter
/__1- = velocity of approach factor
g = acceleration due to gravity = 32.2 ft per see 2
h = velocity head, in ft of fluid flowing.
Equation (2) can be rewritten as
1 ,h
Q=A * C * 1 * 1096.5 il, (3) .
V1-where4
where
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h,= velocity head, in in. of water
d = density of fluid flowing, in lb per cu ft
Since the orifices are located in a plane with no restricting duct on
1
the inlet side, the velocity of approach factor can be assumed
to be unity.
For standard air density, Equation (3) reduces to the form:
Q = 4005 - A - C /7 h (4)
By applying Equation (4) to the calibration curves of Fig. 23 for
flow conditions corresponding to a range of Reynolds Numbers from
30,000 to 80,000, a value for C of 0.619 was obtained. For the pur-
pose of comparison the orifice discharge coefficients as given in the
reference (9) on fluid meters were investigated. No direct comparison
was possible, since the values in the reference apply to orifices con-
tained within pipes. It was noted, however, that for a Reynolds Num-
ber of 50,000 the published values of C for flange tap connections
were as follows:
Values of 0 for
Pipe diameters ratio of 0.10
6 in. 0.5973
8 in. 0.5977
10 in. 0.5998
14 in. 0.6015
These values are not directly applicable to the case where sharp-edged
orifices are installed in a flat plate, but are approximately of the same
order of magnitude as the 0.619 value actually determined. The latter
value, therefore, seemed reasonable and the calibration curves in Fig.
23 were accepted.
24. Summary of Results
(a) The quantity of standard air flowing through the 5-, 7-, 8-,
or 11-in. orifice may be obtained from Fig. 23 if the pressure dif-
ferential across the orifice is known.
(b) The quantity of standard air flowing through any combina-
tion of the 5-, 7-, 8-, and 11-in. orifices may be obtained by adding
the values of air flowing for the individual orifices obtained from Fig.
23 if the pressure differential across the orifices is known.
(c) The orifice discharge coefficient was found to be about 0.619.
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APPENDIX B
THE TRUNK DUCT AND ACCESSORIES
25. Selection of Trunk Duct Size
The test arrangements shown in Figs. 5 and 6 indicate variations
in the construction of the trunk duct necessitated by the differences
in the locations of the return-air inlets on the two types of furnaces
tested. Normally the return-air inlet on the hi-boy type of furnace
is at the base or in the bottom of the furnace casing (Fig. 5). How-
ever, in the case of the lo-boy type of furnace (Fig. 6) the inlet is
either on top of the furnace casing or on top of the blower cabinet.
In a preliminary investigation to determine the desired size of
trunk duct, a 14-in. x 16-in. trunk duct was attached to the discharge
of the orifice box. At the end of the trunk duct a transition piece
(14 in. x 16 in. to 15 in. x 20 in.) was attached, which was intended
for later use in connecting the trunk duct to the hi-boy furnace. From
these tests, which consisted of complete traverses of velocity pressure
and static pressure across the cross-section of the duct, it was found
that the velocity was not uniform across the duct and was relatively
high near the top of the duct. Furthermore, although the static pres-
sures were uniform across the duct, the values were negative or less
than atmospheric pressure. This negative pressure was probably due
to the reflection back into the duct of the expansion effect (4) in the.
transition at the discharge of the duct.
These tests led to the conclusion that an increase in duct size would
be desirable, since not only would the expanding section at the dis-
charge be eliminated but also the approach velocity to the furnace
inlet could be reduced to a negligible magnitude. Hence the 14-in. x
16-in. trunk duct was later replaced with a 24-in. x 30-in. duct and
the tests were repeated, as discussed in Section 27. The results were
found to be satisfactory and the larger size of the trunk duct was
incorporated in all subsequent tests.
26. Construction Details
As shown in Figs. 5 and 6, a number of accessories were incorpo-
rated in the trunk duct -a slide damper, a perforated plate, egg-crate
straighteners, and a piezometer ring.
The slide damper consisted of two plates constructed of 2-in. x ½1/-in.
cold-rolled straps with alternate placement of 2-in. straps and 2-in.
open spaces. By sliding one of the plates over the other, variable
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openings could be obtained, which in effect served to regulate the
quantity of air flowing through the trunk duct.
The perforated plate was made of 16-gauge sheet metal with %-in.
holes drilled on 21/2-in. centers for blower-furnace combinations hav-
ing inputs up to 90,000 Btu per hr. For larger inputs the 3%-in. holes
were spaced on 11-in. centers. The plate equalized the pressures in
the trunk duct and provided more uniform pressures at the measuring
station.
Egg-crate straighteners constructed according to the specifica-
tions (1) of the National Association of Fan Manufacturers were
installed 6 in. upstream of the measuring station to eliminate swirl
in the air stream. The piezometer ring installed at the measuring
station was used to obtain the static pressure in the trunk duct at
the inlet to the furnace.
In the case of the lo-boy furnace the trunk duct was essentially
the same as that for the hi-boy furnace except for the addition of
three elbows and approximately 8 ft of straight duct. The elbow at
the inlet to the furnace was provided with six evenly spaced turning-
vanes providing a more uniform velocity across the face of the inlet
to the furnace.
27. Pressure Measurements in the Trunk Duct
With the 24-in. x 30-in. trunk duct connected to the hi-boy furnace,
tests were made to determine not only the best possible location for a
piezometer connection but also the magnitude and variations in veloc-
ity pressure across the duct. A number of traverses of both static
and velocity pressures were made at various stations in the duct. At
a distance of 18 in. upstream from the discharge end of the duct, the
static pressure measured at various points across the duct was found
to be uniform. The velocity pressures at the same station were ex-
tremely small, and the variations in velocity pressures across the duct
were negligible. Hence, as shown in Fig. 5, the piezometer connec-
tions were located 18 in. upstream from the end of the duct. The
piezometer holes, located on the top and either side of the trunk duct,
were made with a No. 50 drill, and the inside of the duct was cleaned
of all burrs. A short length of copper tubing was then soldered over
each of the three holes and connected in parallel to one end of the
inclined manometer by rubber tubing. The reading of the manometer
indicated an average of the pressures obtained at the three piezometer
connections.
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A sample data sheet for a traverse made at the measuring station
under conditions when the air delivery was 778 cfm is shown in Table
4. During this test both the total suction (TSj) in the trunk duct and
the air delivery were maintained at constant values. The velocity
pressures determined by the traverse across the duct not only were
small but agreed with the calculated values of velocity pressure as
determined from the air delivery and the cross-sectional area of the
duct. Furthermore, the total suction determined by the piezometer
connection compared favorably with the average values obtained from
a traverse of the duct with a pressure tube. The tests indicated, there-
fore, that the laborious and time-consuming procedure involved in
making complete traverses of total suction and velocity pressures of
the duct could be simplified. Consequently, in all subsequent tests
the total suction at the measuring station was determined from the
readings of the piezometer, and the velocity pressure at the same
station was calculated from the readily determined values of air
delivery and duct area.
Similar tests were made with the arrangement (Fig. 6) in which
the lo-boy furnace was installed. In this case also the piezometer
connections were made at a station 18 in. upstream from the furnace
inlet. The results of these exploratory tests were similar to those
obtained with the hi-boy furnace.
BULL. 390. BLOWER FURNACE UNIT PRESSURE CHARACTERISTICS 53
TABLE 4
SAMPLE DATA SHEET FOR 20-PT TRAVERSE IN TRUNK DUCT
Operators: Boland, Ji, Stein
Date: April 18, 1947
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APPENDIX C
THE FURNACE PLENUM AND STUB DUCT
28. Construction Details
The furnace plenum above the furnace serves as a collecting cham-
ber for the air discharged from the furnace. In the procedure recom-
mended in this Bulletin a fixed size of plenum was not used, since an
abrupt expansion or transition would be required between the plenum
and the various sizes of furnace discharge openings. Pressure trans-
formations would occur in this transition section as a result of the
difference in velocities of air at the transition section and in the
plenum. Such pressure transformations would require a consider-
able vertical distance between the transition section and the station
where the pressures would be equalized across the plenum. Since
TABLE 5
STUB DUCT DIAMETERS
Furnace Input, Stub Duct Diameter,
Btu per hr in.
Up to 75,000 10
75,000 to 120,000 12
120,000 to 160,000 14
unlimited ceiling heights are not available in most testing labora-
tories, any arrangement which will require a plenum height of more
than 6 ft is not practical. Furthermore, the velocities maintained
in the plenum during the tests herein described should correspond
closely with those that will be obtained with the furnace in a field
installation, so that the same ratio of velocity pressure to static pres-
sure will exist under test and actual conditions. Hence, although
the height of the plenum was specified as 6 ft, as shown in Fig. 24,
the depth and width of the plenum should be made the same as those
of the furnace discharge for the furnace under test.
The stub duct, the dimensions of which are given in Table 5, served
as a mixing chamber for the air discharged from the furnace and
thereby permitted accurate determinations of the average air tem-
perature. As shown in Fig. 24, the top of the stub duct was 8 in.
from the top of the plenum and was fastened to the sidewalls of the
plenum. The top half of the section of stub duct inside the plenum
was removed, so that the air entering the stub duct from below was
turned 180 deg before entering the duct. To some extent the bottom
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half of the stub duct, which was exposed to the direct radiation from
the heated surfaces of the heat exchanger, served as a radiation shield.
The top of the plenum was capped and sealed, and both plenum
and stub duct were insulated to minimize any heat loss that might
occur between the furnace discharge and the temperature measuring
station.
FIG. 24. FURNACB PLENUM AND STUB DUCT
29. Measurements of Air Temperatures in Stub Duct
Twelve thermocouples were connected in a parallel circuit and
located in the stub duct. The cross-section of the stub duct was
divided into three concentric areas of equal size, and the twelve hot
junctions of the thermocouples were located at the centers of these
equal areas on both the vertical and horizontal diameters. The elec-
tromotive force indicated by the 12 thermocouples in parallel would
be an average reading for all 12 thermocouples, and the corresponding
temperature would represent an average discharge air temperature.
By means of a traversing thermocouple which could be located at
successive stations across the duct, studies were made of the tempera-
ture variation across the stub duct. These variations were found to
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be of the order of magnitude of less than 1 deg, thus indicating that
the mixing action produced by the stub duct was adequate. A com-
parison was also made of the temperatures indicated by the thermo-
couple grid with those obtained with a laboratory-type thermometer
whose bulb was placed at the center of the stub duct. Comparison
of the two readings showed an agreement within about 2 deg.
I I
0 0. 0.2 0.3 04 0.S
Static Pressure in Inches of Water
FIG. 25. STATIC PRESSURES IN PIENUM or HI-BoY FURNACE
30. Measurements of Pressures in Plenum
For the purpose of locating a measuring station in the plenum,
which would give an accurate measurement of the plenum pressure,
a number of pressure probes and traverses were made at various
heights in the plenum of the hi-boy furnace. In these tests the stub
duct was not inserted in the plenum, and slide dampers were installed
at the discharge of the plenum. The results of these tests are shown
in Fig. 25 as curves A, B, C, D, and E. At distances of 4 ft or more
above the furnace discharge, values of static pressures became stable,
indicating that pressure transformations were probably taking place
Resistance Ap//'ed at
Plenum Discharqe
(No Stub Duct)
SA - No Restriction
B - 40 % Restriction
C - 70 % Restriction
D -87% Restriction
__ _ E - 99 % Restriction
F-Plenum Discharge
S|Sea/ed and /0" Stub
\ |Duct on Side of Plenum///--
~I~~I~ '1' 1 '1 ____ 1 ____ 1 ____ 1 ____
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up to that distance. As shown in Table 6, a 20-point traverse of static
pressures made at the 4-ft station indicated that there was little
variation across the duct, and that pressure taps on the sidewalls
of the plenum should give results comparable to the average pres-
sures determined from a traverse. These preliminary tests were
repeated with the stub duct installed in the plenum; the results of
the vertical probe are given by curve F in Fig. 25. The tests indi-
cated that a piezometer ring could be used for determining the static
TABLE 6
SAMPLE DATA SHEET FOR 20-PT TRAVERSE IN PLENUM
August 16, 1948
Operators: Buckley, Kulur
Test Y-2
1 2 3 4
0.093 0.093 0.093 0.093
0.093 0.093 0.093 0.093
0.093 0.093 0.093 0.093
0.093 0.093 0.093 0.093
0.093 0.093 0.093 0.093
1) Barometer: 29.38 in. of mercury
2) Temperatures: D.B. 75 0 F, W.B. 66.5°F
3) Total suction reading at trunk measuring station: 0.191 in. of water
4) Orifice open: 11 in.; orifice differential: 0.069 in. of water
5) Air quantity flowing: 445 cfm
NOTE: Static pressure traverse taken in plenum 4 ft above furnace discharge.
pressures at the measuring station and that the pressures thus ob-
tained would be in exact agreement with those determined by the
traverse.
In the case of the lo-boy furnace, for which the air deliveries were
greater than those for the hi-boy furnace and in which the arrange-
ments of heat exchanger and radiation jacket were not the same, a
similar series of exploratory tests was conducted. As with the hi-boy
furnace, the tests indicated that a height of 4 ft above the furnace
discharge was satisfactory for the location of the pressure measuring
station.
Because the size of the plenum in most furnaces will not be the
same as that of the 24-in. x 30-in. trunk duct, the air velocities at
the inlet and discharge of the furnace will not be equal. If a large
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discrepancy exists between the velocity pressures at the inlet and the
discharge, a correction would be necessary to take into account the
possible conversion of velocity pressure to static pressure. To deter-
mine the magnitude of such corrections for the lo-boy furnace under
test, calculations were made for the extreme case in which the air
delivery was 1500 cfm. Under this condition of flow, the velocity
pressure in the trunk duct amounted to 0.006 in. of water, whereas
the velocity pressure in the 2114-in. x 281/-in. plenum was 0.008 in.
of water - a difference of only 0.002 in. of water. Since the limits of
accuracy of the gages used in this investigation were of the order of
0.001 in. of water, only under conditions with large air delivery could
the discrepancy be noted. With smaller air deliveries it is negligible.
Hence no correction was necessary for the variation in sizes of the
trunk duct and plenum. However, a small correction was found to
be necessary to account for the difference in the size of the 24-in. x
30-in. trunk duct and the inlet to the blower-furnace combination,
as outlined in Section 11.
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APPENDIX D
FILTER SUBSTITUTES
31. Necessity for Filter Substitute
As explained in Section 13, over a period of three months a large
number of tests were conducted with filters installed in the hi-boy
furnace. A comparison of data obtained at the beginning and at the
end of this period indicated that the pressure characteristic of the .
blower-furnace combination had changed. This change was attributed
to an increase in resistance resulting from the loading of the filters
with dust. With a view to confirming the importance of filter resist-
ance in connection with the overall performance of the combination,
a new filter of the same type and size was installed and the tests were
repeated. The performance curve obtained with this new filter did
not agree with either of the performance curves previously estab-
lished, a finding which indicates that the pressure drop through the
filters could neither be ignored nor assumed to be constant. It was
concluded, therefore, that it would be necessary to conduct the per-
formance tests of the combination either without a filter or with a
filter substitute.
A study of the possibility of operating without a filter indicated
that it would be necessary to apply an external resistance to the
unit equivalent to that which would be applied by a filter installed
in the unit. For this purpose a preliminary test was necessary for
determining the pressure drop through the filter as installed. Such
a procedure proved to be complicated and not practical. Hence, the
alternate method of using a filter substitute was selected.
32. Pressure Drop Through Filter
For the development of a suitable filter substitute it was necessary
to select a value for pressure drop which would be representative of
that for filters used in forced-air systems. The three main factors
that govern the pressure drop through a filter are:
(a) the type of filtering medium used,
(b) the thickness of the filter, and
(c) the velocity of the air at the face of the filter.
The type of filter in common use for residential, forced-air systems
consists of an oil-coated fiber mat having a thickness of 1 in. or 2 in.
Such filters are normally rated for face velocities of 300 ft per min.
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The pressure drop for a filter over a range of face velocities can be
expressed by an equation of the form:
Rf = KVY (1)
in which
RB is the pressure drop through the filter, in in. of water,
K is a constant, determined experimentally,
V is the face velocity at the filter, in ft per min, and
n is approximately 2.0.
A suitable substitute for the filter must also have a pressure-drop
characteristic essentially the same as that expressed in Equation (1) ;
that is, the values of the constant K and the exponent n for the filter
substitute must be virtually the same as those for the actual filter.
A study of available data from manufacturers' catalogs indicated
that five standard sizes in both 1-in. and 2-in. thicknesses are com-
monly used for residential forced-air systems. Since a specific filter
substitute for each type and size of commercial filter would involve
countless numbers of filter substitutes, practical considerations indi-
cated the necessity of determining an average pressure drop for the
most commonly used filters. This average value would probably be
applicable to a majority of commercially available blower-furnace
combinations, but may not apply to some combinations that incorpo-
rate filters of unusual sizes or types. For these cases a specific filter
substitute can be developed by the methods given in detail later in
this Appendix.
The average pressure drops for clean filters at a face velocity of
300 ft per min was found from a survey of available data to be
approximately 0.067 in. of water for a 1-in. filter and 0.120 in. of
water for a 2-in. filter. To simulate conditions of actual operation,
a correction was applied to these values that takes into account the
increase in resistance caused by loading the filters with dust. In-
formation given in a bulletin describing tests conducted in the Warm
Air Heating Research Residence'10o indicated that the pressure drop
through a given filter changed from 0.12 in. for a clean filter to 0.18
in. at the end of a heating season, an increase of 50 percent of the
original pressure drop. The average pressure drops for the clean
filters were accordingly increased by 50 percent; the corrected values
were 0.10 in. of water for 1-in. filters and 0.18 in. of water for 2-in.
filters. The development of the filter substitutes was therefore based
on these corrected values.
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FIG. 26. SCHEMATIc DIAGRAM OP SHARP-EDGED ORIFICE
33. Pressure Drop Through a Perforated Plate
The most logical substitute for a filter, from the standpoint of
pressure-drop characteristics alone, would be a perforated plate hav-
ing holes sufficiently large to remain free of dust and lint, so that
the pressure drop would remain constant over a period of time. In
order to calculate the pressure drop through a flat perforated plate
having many small, sharp-edged orifices equally distributed across
the plate, three assumptions were made:
(a) An equal amount of air passes through each orifice during a
given period of time.
(b) The loss through a single orifice is the same as that through
the entire perforated plate, since the orifices are in a parallel arrange-
ment and not in series.
(c) An imaginary square duct is considered as attached to the
approach and discharge sides of the orifice, the sides of the imaginary
duct being the same as the center-line distance between the orifices,
as shown in Fig. 26.
Based on these assumptions, a calculation was first made of the
estimated pressure differential of an orifice by means of the following
equation (8)
1 V'h(
Q = AC __ 1096.5 (2)
V/ 1 )- Vd
in which
Q is the quantity of air flowing, in cfm
A 2 is the cross-sectional area of the orifice, in sq ft
C is the flow coefficient, obtained by extrapolation of the
curves in Fig. 35a of reference (8)
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1 is the factor for velocity of approach in the duct
VI - 34
ha is the orifice differential pressure between the up-
stream side and the section of vena contracta, in
in. of water
d is the standard density of air, in lb per cu ft
As shown in Fig. 27, the actual pressure drop, h, is the difference
between the static pressures upstream and downstream of the per-
forated plate, and is smaller in magnitude than the orifice differential,
- - - - - - -/ - -/ - /- - - - - - -/ -
FIG. 27. STATIC PRESSURE Loss THROUGH A SHARP-EDGED ORIFICE
ha. The approximate relation between these two pressure values is
given in reference (8) as follows:
h = (1 -/ 2 ) (ha) (3)
in which
h is the pressure drop across the orifice, in in. of water
f3 is the ratio of the orifice diameter, d,, to the diameter of the
imaginary approach duct, d,
By applying Equations (2) and (3), the pressure drop across a 24-in.
x 30-in. plate with 3/4 -in. holes spaced on 2
1/2 -in. centers was calcu-
lated; the results were plotted as shown in Fig. 28.
An actual plate of the same dimensions was then constructed, and a
series of tests was conducted with the plates installed in a straight
duct 24 in. x 30 in. in cross-section. From the results shown in Fig.
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28 it was observed that the pressure-drop curve for the actual plate
was practically identical to that previously determined by calcula-
tion from Equations (2) and (3), the deviations amounting to about
1 percent. These tests assured the validity of the calculations for
determining the pressure drop across an orifice plate containing 3/4-in.
'I'
0
'.3
(.)
N
Air Quantity, Standard Vensily,
in cu. ft per min.
FIG. 28. PRESSURE DROP THROUGH A PERFORATED PLATE
holes. The number of holes required for a given filter substitute was
then computed (Table 7).
The fact that the filter substitute and the filter gave similar results
when both were tested in a straight duct did not necessarily imply
that the two units would perform identically when they were installed
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TABLE 7
FILTER SUBSTITUTE SPECIFICATIONS
Number of HoleFilter _________________Hole
Size, Rows and Spacing,
in. % -in. Holes Columns in.
15x20x1 195 15x13 1 x1%
16x20xl1 208 16x13 1% xl1%
16x25x1 260 20x13 1% xl%
20x20x1 256 16x16 1% x 1%
20x25x1 320 20x16 1% xl%
15x20x2 154 14 x 11 l%xl 1
16x20x2 165 15 x 11 1% x 1%
16x25x2 209 19x 11 xl 1
20x20x2 210 15x14 1 xl1%
20x25 x 2 266 19x14 11 x 1%
in the filter cabinet of a blower-furnace combination. Such tests were
conducted; the results are shown in Fig. 29.
(a) The pressure drop through a 24-in. x 30-in. x 1-in. filter, and
also across a 24-in. x 30-in. x 1-in. filter substitute, when both were
separately tested in a straight 24-in. x 30-in. duct is represented by
curve I.
(b) The actual pressure drop across a 15-in. x 20-in. x 1-in. filter
when installed in a blower-furnace combination is shown as curve II.
Since comparisons were based on equal face velocities, the area of
the filters was of no consequence.
(c) The actual pressure drop across a 15-in. x 20-in. x 1-in. filter
substitute when installed in the same blower-furnace combination is
shown as curve III.
That is, the pressure drops across both the filter and the filter sub-
stitute were substantially the same when both were separately tested
in the blower-furnace combination, just as they were when tested in a
straight duct section. However, the pressure drops obtained when the
filter and filter substitute were installed in the blower-furnace com-
bination were greater than those obtained when the filters were in-
stalled in a straight duct. This discrepancy, which can be considered
as due to a position effect, could be attributed to a number of factors
that tended to affect the manner in which the air approached the inlet
to the blower. In other words, any restriction at the blower inlet
could conceivably reduce the blower capacity. In this blower-furnace
combination, for example, not only was the filter within 4 in. of the
driving wheel of the blower, but it was within 7 in. of the blower and
blower motor. Either or both of these distances may be less than the
optimum distances required for free inlet of the air to the blower.
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The significant fact which these tests brought out clearly is that
both the filter and the filter substitute gave similar pressure-drop
characteristics under similar conditions of installation. The conclu-
sion was reached, therefore, that a filter substitute of proper design
can be used to replace actual filters in the test procedure herein
described. The advantage of the filter substitute over the actual filter
in the test procedure is that an unvarying pressure-drop characteris-
tic is substituted for a variable characteristic.
I0.2
I.)
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Air Quantity, S/anadard Density, in cU. ft. per min.
FIG. 29. COMPARISON OF PRESSURE DROPS THROUGH A PERFORATED PLATE
AND THROUGH A FILTER
I- Through a Perforated P/ate 1i a Straight Duct Section.
__ - Through a Filter Insta//ed in a Furnace.
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if
___1
0
7
ILLINOIS ENGINEERING EXPERIMENT STATION
APPENDIX E
SAMPLE CALCULATIONS AND DATA SHEETS
34. General Statement
The actual testing of the blower-furnace combination and the
blower consisted basically of three types of tests:
(a) Tests of the blower-furnace combination with no heat input.
(b) Tests of the same combination with rated heat input.
(c) NAFM Plate I or Plate V tests of the blower alone.
In order that these three types of tests might be comparable, the
observed data were corrected to the same blower speed and standard
air density. The following sample calculations illustrate the method
of correcting the observed data to standard conditions.
35. Tests with No Heat Input
A sample data sheet from a test conducted with no heat input to
the furnace is shown in Table 8. The set of data recorded at 2:13
p.m. is used to illustrate the calculation procedure.
(a) Observed data
(1) Time: 2:13 p.m.
(2) Plenum static pressure, SPd: 0.0 in. of water
(3) Total suction in trunk, TS,: 0.337 in. of water
(4) Size of orifice opening, diameter: 11 in.
(5) Orifice differential pressure: 0.009 in. of water
(6) Speed of furnace blower: 735 rpm
(7) Barometric pressure, B: 29.41 in. of mercury
(8) Dry-bulb temperature, circulating air: 100.3 deg F
(b) Calculations
(9) Total pressure available external to the blower furnace combination,
observed -
TP = (SPd + TSO) = 0.0 + 0.337 = 0.337 in. of water.
(10) Quantity of air flowing at standard conditions, obtained by extrapo-
lation of the curve shown in Fig. 23 for the 11-in. orifice - Q,
156 cfm.
(11) Actual quantity of air flowing, obtained by correcting Q, for density,
0.0.75 1620.n.0
The = Qdetermination = 156 is given= 162 Equation (3) in Table 8.fm.
The determination of d. is given in Equation (3) in Table 8.
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(12) The actual quantities were then corrected to a standard basis by
means of the well-established fan laws. In order to correct for
differences in air density, use was made of the fourth fan lawnu):
"''For constant volume, constant system, fixed fan size, and con-
stant fan speed with variation in air density:
a) the air volume remains constant,
b) the pressures, both static and total, vary directly as the density,
c) the required power varies directly as the density."
The total pressure available external to the blower-furnace com-
bination, corrected for density:
d, 0.075
TP' = (SPa + T9S - = (0.337) - - 0.364 in. of water.
d. 0.069
(13) The quantity of air flowing remained the same,
Q' = Q. = 162 cfm.
(14) In order to correct the observed data to conditions of standard
blower speed, the first fan law was used:
" For constant air density and constant system, with variation in
fan speed:
a) the air quantity varies directly as the fan speed,
b) the pressure varies as the square of the fan speed,
c) the power varies as the cube of the fan speed."
The standard speed determined from the rated point of operation
was previously established as 730 rpm. The total pressure avail-
able external to the blower-furnace combination, corrected for both
density and speed,
T P
"
= T P
' RP ) 0.364 730)2 0.360 in. of water.
(15) The corrected quantity of air flowing was
Q= RPM = 162 ( )730 = 161 efinm.VRPM. 1 735
36. Tests with Rated Heat Input
In addition to data observed with no heat input to the furnace,
readings of temperature rise from inlet to discharge of the combina-
tion and the rate of fuel input to the furnace were recorded. Table 9
shows a sample data sheet for a test conducted with rated heat input.
The last set of data for test L-28 is given as an example.
(a) Observed data
(1) Inlet air temperature, from thermocouple: 88.6 deg F
(2) Plenum temperature, from thermocouple: 146.8 deg F
(3) Gas flow rate, cfh: 76.3 cfh
(4) Gas temperature, tg: 87 deg F
(5) Gas pressure, Pg: 7.5 in. of water
(6) Barometric pressure, B: 29.46 in. of mercury
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(b) Calculations
(7) Temperature rise of air from inlet air to plenum -
146.8 - 88.6 = 58.2 deg F.
(8) Heat input to the furnace, for natural gas having a heating value
of 1000 Btu per cu ft -
Btu per hr = (cfh) (B + P,/13.7 520 (1000)
= 72,700 Btu per hr.
All other calculations followed the same procedure as those indi-
cated for the test with no heat input.
37. NAFM Plate I and Plate V Tests
The calculation procedure for these tests, as well as the data sheets,
is given in detail in the "Standard Test Codes for Centrifugal and
Axial Fans"(' ) and hence is not included in this Bulletin.
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